Summary
Introduction
Food security is high on the list of global development priorities. As a result of the global population growth, there is an increase in food demand, competition for the use of land, water, energy and other agricultural inputs. Climate changes present another challenge for agriculture, especially in developing countries which are faced with food insecurity.
The resolution to this problem requires finding new solutions in the field of food production that is, in the so-called food system. One of the solutions, supported by certain countries and international institutions, is the concept of "sustainable intensification". Taking into account limitations of farmland, the goal of sustainable intensification is to increase food production from existing available farmland while minimizing the pressure on the soil and without jeopardizing food production capacities in the future. Although the concept of sustainable agricultural intensification has been accepted by a certain number of countries, it came under strong criticism, both for its sole focus on production and for certain controversies associated with it.
Research Method and Objectives
Having in mind the subject and aim of the research, qualitative research methods common for social sciences have been used in this research. Descriptive and historical analysis has been mostly applied in the paper. These methods are based on studying impact of biotechnology achievements on the food and environmental circumstances. Comparative analysis has also been used to a great extent, since it is necessary to review and compare positive and negative impacts on implementation of biotechnology achievements on the conservation of natural resources and biodiversity, on one side and food security, on the other.
The aim of the research is to analyze the possibility for the concept of sustainable intensification of agriculture to influence the decrease of rural poverty in developing countries and improvement of the world food situation. The significance of this concept in present and future developing agendas, both on national and global level is assessed by reviewing the scope and aspect of sustainable agricultural intensification.
Current food situation
In the year 2000, the United Nations adopted a document called "The Millennium Declaration" which defined eight millennium development goals. The first goal is optimistically defined as "eradication of extreme poverty and hunger by 2015". Three more realistic sub-goals are defined within this general goal:
-Halve the proportion of people who live in the extreme poverty and whose income and/or consumption is less than USD 1 per day, -Achieve full and productive employment for all working age population, especially women and young people, and -Halve the proportion of undernourished people compared to 1990. (www.un.org/ millenniumgoals/).
Regardless of numerous limitations embodied in unfavourable, both climate and economic conditions, certain countries have managed to achieve significant improvements related to the realization of the millennium goal. According to official UN data, the sub-goal 1 was realized during 2010. That year, as compared to 1990, the number of the poor was reduced by around 700 million. Owing to commitment of Governments of certain countries, as well as active support of relevant international institutions and organizations, certain results were achieved in the second and third sub-goal. However, despite these developments, the number of undernourished population in the world remains unacceptably high. Namely, on the global level, in 2014 there were still 1.2 billion people living in extreme poverty; out of this number, 842 million people, 99 million of who are children up to 5 years of age, cannot meet basic nutritional needs (UN, 2014).
In order to reach as realistic conclusions as possible, the world food state should be observed not only from the aspect of the number of undernourished people, but also from the aspect of food quality. Looking at the latter, it can be noticed that available calories per capita has increased, but the intake of microelements still falls behind as compared to the realistic needs. Owing to the Green Revolution, whose idea was to reduce poverty and hunger in the world, the production and availability of food has increased in some developing countries. It is because of the Green Revolution that in the period between 1960 and 1990 the participation of undernourished people in the total world population significantly decreased (Đurić, 2015) . Improvements made regarding the food availability, which was the result of price drops, contributed to the increase of energy intake in the nutrition of the poor. For example: the drop in the price of rice in Bangladesh made it possible for people to spend money on other sorts of food (UN, 2013). However, positive effects of the Green Revolution on the quality of nutrition of the population are not equal in all regions and countries. Although, due to the growth of yield and productivity in the agricultural production, the consumption by the number of calories per capita per day increased, the majority of the poor have not seen the improvements in the quality of food, measured by the intake of the most important microelements. As a result, despite the growth in the calorie intake, the problem of malnutrition is still present in many countries.
One of the factors which greatly determines the world food state is the population trend. The current world population is 7.2 billion. The United Nations projections anticipate that the world population will increase by more than a billion people over the next 12 years, thus reaching the figure of 9.6 billion people by 2050 (UN, 2013) . Moreover, the projections estimate that the most dynamic growth is to be expected in countries most vulnerable to food security. Namely, more than a half of the anticipated population growth will be on the African continent.
Traditionally, the population in developed countries has a significantly slower growth trend compared to developing countries. According to the "World Population Prospects" report, the population of developed countries is expected to grow slowly from now until 2050. In contrast, 49 developing countries are projected to double in size from around 900 million in 2013 to 1. The report also states that India is expected to become the world's largest country, passing China, when both countries will have population of 1.45 billion by 2028. After that, it is expected that India's population will continue to grow, while China's is expected to start decreasing. Furthermore, according to the UN projections, Nigeria's population is expected to surpass that of the United States by 2050.
In contrast to developing countries, Europe is facing growing aging population. Namely, Europe's population is projected to decline by 14% by 2050. Similarly to the situation in previous decades, the most dynamic population growth is projected and expected in regions most vulnerable to food security.
The expected growth of the world population, together with the intention to eradicate hunger and poverty in the most jeopardized regions of the world, prove the need for the global growth of agricultural production. However, increasing pressure on the environment, seen through growing land degradation, pollution of water resources, more prominent climate change and other adverse effects, are the reasons why agricultural production should be based solely on a sustainability principle. Therefore, the sustainable development concept should become a new philosophy of development, including not only economic, but also, moral, social and health aspects (Pejanović, 2015) .
Production growth and yield increase should be some of the responses to a growing demand, but not the only ones (Goldfray, Garnett, 2014) . Following the sustainability principle, in addition to the yield increase, it is important to achieve the following: -change the model of demand in terms of demand growth for so-called: resourceintensive food produces such as meat and dairy products, -rationality in the consumption in terms of food waste reduction, -establish the measures of food (agrarian) policy which would facilitate the improvement of food system efficiency and ensure availability of food for everyone (Tilman et al., 2011) .
Nonetheless, it is unlikely that there is any other solution, apart from the increase in yield and production, which could solve the problem of food insecurity in the world. The increase in yield is the key factor for elimination of hunger and poverty, especially from the aspect of developing countries. Nowadays, the increase in yield is a number one requirement in almost all low-income countries. However, in the long-run, temporary growth of yield and production should not be the main goal, but creating conditions for continuous improvement of production potentials in order to meet food demand in the future. Furthermore, every option offered as a solution should be environmentally acceptable, that is, sustainable.
Green revolution -advantages and limitations
Although the Green Revolution, as an attempt to reduce hunger and poverty in the world, was put into practice during the 1950s, extensive research whose goal was to improve the agricultural production, yield growth and resistance of plants and animals, had been carried out much earlier. Some scientists, such as Justus von Liebig (1803-1873) and Nikolai Ivanovich Vavilov (1887-1943) contributed to the improvement in agricultural technology a lot before the idea of Green Revolution was even born, although their research had the same goal: provide food security in the world.
American agronomist and 1970 Nobel Peace Prize laureate, Norman Ernest Borlaug , is considered to be the inventor of the Green Revolution. However, an invaluable contribution to the implementation of new technologies and improvement of agricultural production, especially in India, was made by a famous geneticist Monkombu Sambasivan Swaminathan. Owing to the enthusiasm of this scientist, the Green Revolution enabled the increase in the production of wheat in India from 12 million tons in 1965 to over 20 million tons annually during the 1970s. By applying achievements of the Green Revolution, in 1974, India produced sufficient quantities of wheat to meet the needs of its population (Fresco, 2015) .
In the past half century, the Green Revolution had an important role in the improvement of agriculture production and provision of food security in the world. Wheat, rice and corn yield in developing countries have increased by 100 to 200% from the 1960 until today (Davis et al., 2002). The increase in yield was a primary mission of the Green Revolution. The selection and creation of new varieties also meant more intensified application of mineral fertilizers, pesticides and irrigation. Goals of the Green Revolution were achieved with a great support of advisory systems, as well as national and international companies which contributed to the transfer of new technologies from scientific and research centres to practice.
However, during the 1980s, after the initial euphoria about the significant increase in yield faded, a considerable disappointment over the Green Revolution surged through West Europe and North America. The book "Silent Spring" by American zoologist and biologist, Rachel Carson (1907 Carson ( -1964 , which describes in detail adverse effects of DDT and similar pesticides on people's health and the environment, is just one of the many accusations brought against the Green Revolution and its achievements. While this book is considered to be one of the key drivers of the modern environmental movement in the West Europe and America, in countries of so-called third world it is seen as the culprit for the spread of malaria and other diseases.
Twenty years after the beginning of the Green Revolution, natural resources and biodiversity were seriously harmed. In addition to a series of positive effects it had in terms of yield growth and production, the Green Revolution considerably contributed to the devastation of the nature, which calls into question the justification of its name. Intensive and often irrational use of modern agro-technical measures led to the reduction of quality of soil, water and air.
Actual achievements of the Green Revolution are also limited in terms of the range of products, the yield and production of which were increased. Namely, according to achieved results, the Green Revolution has significantly contributed to the increase of yield to only a few basic agricultural products. Other products, especially the ones which constitute the basis of nutrition in poor areas of Sub-Saharan Africa were excluded from the Green Revolution effects.
From the social and economic aspect, the Green Revolution did not have sufficiently balanced solutions. Focused exclusively on the farmers who can provide inputs and modern agro-technical measures, the Green Revolution bypassed small farm households which not only have insufficient financial resources but also do not have access to loans. The fact that, despite the Green Revolution, the number of the poor and hungry is still unacceptably high, supports the fact that achievements of biotechnology development have not been accessible to most of the world population. The most significant reasons of slow introduction of modern technologies to poor farmers are:
-unequal distribution of farming land and unregulated land ownership rights, -poor or difficult access to loans and other sources of financing; -no market access, -discrimination of small households through subsidies which favor large holdings, -discrimination of women in terms of their inability to become owners of land and farm households, -lack of agricultural advisory services, etc. (Marković, 2011).
Unintended consequences which occurred as a result of irrational use of water, degradation of land and overuse of chemicals which occurred as a result of application of agrotechnical measures applied within Green Revolution, have not contaminated only the area with agricultural production, but also surrounding land, thus jeopardizing ecosystem and biodiversity. A slowdown in dynamic growth of yield during the 1980s could be partly ascribed to the need for reducing environmental degradation, primarily limited land resources. Even then, negative impacts on cropland areas were recognized as an important drawback of long-term application and sustainability of Green Revolution.
The negative effect of the Green Revolution on the environment should not be seen only as a consequence of application of intensification production concept and agro-technical measures which include agricultural machinery and agrochemicals. In many cases, the agrarian policy of developing countries, was promoting the excessive use of agrochemicals together with the Green Revolution. That was accomplished by applying protective prices of finished products, as well as the system of subsidies for the purchase of: fertilizers, pesticides, irrigation system etc. In cases where the agrarian policy was based on sustainable development, producers followed that example by limiting the excessive use of pesticides. The best example is Indonesia where the Government removed subsidies for the purchase of agrochemicals at the beginning of 1990s. As a result, the application of insecticides which were jeopardizing the ecosystem reduced significantly (Pingali, 2012) .
One of the achievements of biotechnology, genetic engineering and its product, genetically modified food, was marked by great controversy. Abuses and the fight for profit of some multinational companies have created the environment in which genetic engineering has a negative connotation. Neglecting positive effects achieved by the implementation of genetic engineering in food production, public opinion created mostly negative attitude towards the research carried out in this field of biotechnology.
It can often be heard, not only by general public and non-governmental organizations, but by government officials as well, that genetically modified food is a priori considered negative and harmful for human health (Fresco, 2015) . Moreover, benefits of these technologies as compared to their potential drawbacks are almost never precisely defined. Due to the growing gap between agricultural science and public opinion, it is necessary to develop a bridge which will enable further development of science with a full support of the society.
The change in the attitude of the society towards biotechnology should take a direction in which, through active participation and contribution of all relevant subjects, the importance of science and knowledge should be confirmed, both through the survival and food security provided for present generations and the prosperity of future generations. Moreover, an important aspect, which should not be neglected in the development of agriculture, is the conservation of natural resources and biodiversity. The sustainability of agricultural development, achieved by rational exploitation of natural resources together with meeting growing food demand of the world population, represents the basis of the sustainable intensification concept, whose application has already started in some regions of the world.
The concept of sustainable intensification in agriculture
According to the FAO data, in Sub-Saharan Africa, 230 million people and 40% of children under the age of five are physically and mentally stunted as a result of malnutrition (FAO, 2015) . The agreement reached in September 2015 between 193 countries was defined as a new sustainable development global goal and it means wiping out hunger by 2030. The four key challenges which need to be addressed in order to fulfill this goal are: -food market integration on regional, national and global level, -intensification of agricultural production to the extent which does not jeopardize the environment, -development of science in the field of agriculture and agricultural advisory, and -economic empowerment of small family farms (Kharas et al., 2015) . Therefore, in order to win the fight against hunger, malnutrition and poverty, and at the same time to preserve and improve environment, it is necessary to globally promote the concept of sustainable intensification of agriculture. The sustainable intensification of agricultural production is a concept which, in the long run, means that by applying innovations and with rational approach to inputs more food will be produced and adverse impacts on the environment will be reduced (Jumma et al., 2013). The sustainable intensification is nothing more than a pursuit for the way to increase production with minimal environmental impacts. In accordance with the key idea of this concept, it is frequently described as a sustainable increase of yield or ecological intensification (Godfray, Garnett, 2014). The concept of sustainable intensification in agriculture could present a function of profit maximization with minimal losses despite its four limitations: (1) the need for the increase in yield, (2) limitation of resources, (3) the need for environmental protection and (4) This approach to the agricultural development is primarily focused on the preservation of natural resources and maintenance of balance. However, it has other dimensions as well. Five questions which are directly related to the application of the concept of sustainable intensification of agriculture are as follow:
-the welfare of farm animals; -food consumption; -rural economy, and -sustainable development.
Conservation of biodiversity and the use of land. By engaging land and water resources, agricultural production threatens biodiversity. In that sense, agriculture presents more serious threat to biodiversity than any other human activity. One of the ways to reduce the negative effect of agriculture is its integration with activities related to environmental protection through practice, the so-called land sharing. In order to maintain production on a reasonable level, when lower yield is caused by sustainable agriculture, the engagement of more farmland is required. In such conditions, the concept of sustainable intensification suggests an alternative solution, that is, sharing of land between agriculture production and conservation. Consequently, the food production growth is enabled on cultivated farmland, while, at the same time, a part of the land on the other location is left for the needs of so called, conservation.
Animal welfare. The word "intensification" and animal welfare can hardly be used together. Namely, it has been proved that intensive conventional production has extremely negative effect on the health and welfare of animals. The successful application of sustainable intensification concept in livestock production means:
-establishing ethical framework which would, in the context of animal welfare, abolish some breeding options, -identifying areas with greatest potential for the implementation of the sustainable intensification concept, achieving, at the same time, satisfactory results related to animal growth and development, and -recognizing limitations to respond to future growing demand for livestock products, having in mind animal welfare. It is also a signal which indicates the need to carry out urgent activities in order to reduce overconsumption and souring demand in certain countries.
Human nutrition. In addition to adequate energetic values and protein content, food security also refers to meeting the needs of the population for various microelements through food intake. The key determinant to the quality of human nutrition is variety. The development of agricultural technology has so far been, to a great extent, focused on the yield increase and not on the improvement of quality and variety of agricultural-food products. The key principle of the sustainable intensification concept is, in addition to yield increase, to take care of the quality and variety of food in agriculture.
Rural economy. In many countries, the agricultural policy is inextricably linked with the economic support to the rural economy development. The key and measures of support could be radically improved through the application of sustainable intensification concept. Therefore, it is necessary to:
-identify the areas in which existing mechanisms of support could be reoriented to encourage the implementation of sustainable intensification concept, -innovate the work of agricultural advisory services in order to provide support in the implementation of the new concept of sustainable agricultural intensification, and -encourage the use of modern information and communication technologies and appropriate financial instruments which would enable the rural population to apply the sustainable intensification concept according to market demands.
Sustainable development. The increase in yield and income are priorities for low income farmers in newly developed countries. Achieving these priorities is, however, often impossible due to limitations related to economic, physical and human capital as well as institutional drawbacks. As a result of stated priority goals and numerous limitations which stand in the way of their achievement, it is very important to assess the ability of this group of countries to direct their agricultural investments to production technologies which will enable sustainable development in the long-run. Therefore, it is necessary to introduce sustainable agricultural intensification, as a new approach to food production, in all strategies and sustainable development plans. In order to achieve this, it is necessary:
-for the society and creators of agricultural and rural policy to recognize the sustainable intensification concept as an approach which may influence positively on the strengthening of rural communities, improvement of small family households and employment, avoiding at the same time negative social and cultural impacts, such as loss of fertile agricultural land and migrations of rural population, -to invest in social, financial, natural and physical capital in order to provide successful implementation of sustainable intensification concept, and -in cases where sustainable development goals (such as preventing migrations or biodiversity conservation) demand highly expensive activities, it is necessary to develop mechanisms which will provide appropriate measures to economically weak producers through a system of subsidies.
The success of implementation of sustainable intensification concept in terms of reduction of poverty and hunger, that is, provision of food security, depends on a number of factors. International and national research centres in the field of agriculture present subjects whose activities greatly determine the success of sustainable intensification concept. In addition, all other relevant participants in the food chain, from producers and consumers to nongovernment organizations and universities, give valuable contributions to ending poverty in rural areas. Also, the success of sustainable intensification is determined by choosing an appropriate approach to agricultural development. There are three key approaches: agroecological, genetic and social-economic. Agroecological approach means the implementation of ecological principles in agricultural practice. Genetic approach is the application of modern achievements of molecular biology. Social-economic approach means the use of social, economic and institutional measures. Each of the three principles makes its own specific contribution, in terms of sustainable development, biodiversity conservation or reduction of greenhouse gas emissions. Although the benefits of these three approaches vary, their combination can lead to minimizing adverse effects and maximizing environmental and economic benefits.
Social-economic approach of sustainable intensification is often unjustly neglected. Its importance is crucial for the successful application of the concept of sustainable agricultural intensification. Social, economic and institutional measures provide favourable setting for successful implementation of innovations. The development of efficient market, of both input and finished products, proved to be an important condition for successful intensification. This primarily refers to an unhindered access of farmers to the market of seed and plant material, fertilizers and other inputs, loans, funds and other financial resources, warehouses as well as high quality consulting services. The development of stable and long term agricultural policy provides necessary security to agricultural producers. Moreover, the key idea behind the implementation of the sustainable intensification concept is not imposing a certain system or production technology by agricultural and rural development policy developers, but letting farmers choose optimal technology according to the region in which they produce (Pretty, 1997). Given numerous uncertainties and open questions accompanying the concept of sustainable agricultural intensification, the implementation of this concept has stirred up much controversy. One of the greatest challenges is gaining public acceptance. However, despite some resistance to sustainable intensification, it has been widely accepted that the most important priority, on the global level, is the production of sufficient amount of food while preserving the socalled natural capital (UN, 2014) . Prevention of further land and water degradation, together with the prevention of climate changes which are accepted worldwide, are another proof that innovations in agricultural practices are inevitable in the near future.
Conclusion
In the past few decades, advancements in the field of biotechnology in synergy with other relevant facts, has led to some improvements regarding the world food situation. According to the official data, however, rural poverty and hunger on a global level is still unacceptably high. The reduction of population who live in extreme poverty imposes the need for the food production increase. Furthermore, the expansion of agricultural production in future is conditioned by projected growth of the world population, which, by rule, is most rapid in the food-wise most vulnerable regions. Due to the fact that the pressure on the environment caused by agriculture is rapidly increasing, the issue of global food security should not be treated as one-dimensional. Consequently, the idea of new agricultural production concept developed. It lies between conventional and organic agriculture and its aim is to conserve natural resources and biodiversity.
A sustainable intensification, as a concept of agricultural development and an element of achieving food security is still categorized as an innovation. Similarly to other innovations, sustainable intensification concept has to accept some compromises. Advantages which are expected and the ones which should be achieved in the short term are frequently off balance. Bringing these two poles closer together, calls for a higher degree of flexibility, that is, adapting to specific conditions of regions and countries when applying sustainable intensification concept. A holistic approach, which means the combination of conservation agriculture and cultivation of high yielding varieties, while applying the principle of integrated pesticide management, should minimize adverse environmental impacts of agriculture, maximizing at the same time positive effects.
Speaking of sustainable intensification concept in terms of a new agricultural development concept, it is important to point out that there are still more open questions than responses. In order for the concept of sustainable agricultural intensification to improve the world food state, it should be recognized as an opportunity and accepted by: scientific and research organizations and institutions, markets, and educational and advisory systems. Food security and responses to challenges regarding the conservation of limited natural resources, primarily the soil, depend on the pace of the development of new technologies. Agricultural and rural policies in developing countries should primarily enable establishing of institutions and creating "favourable climates" in which an innovation, such as sustainable agricultural intensification, will be adopted.
